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AFOSR-TR- .. . .7

PROGRESS REPORT 1982/83

N

Professor Shunro Watanabe of Japan has been visiting our group since March,
1982. In the past year he has been able, with the support of our group, to
develop a major new program for solving in closed form a wide variety of
ordinaﬁy differgq&iildgggggiggfj

\}he MACSYMA system uses two large packages for solving ODEs, The first
package was written by Jeffrey Golden of our group. It solves equations
by using a few well known techniques (e.g., separation of variables). It
is quite weak in dealing with second order-equations, such as hypergeometric
functions. The second package, due to Ed Lafferty of the MITRE Corporation,
incorporates many more technidues, but is still not a very general solver of
ODEs.

\
Professor Watanabe's approach is to convert most second order ODEs into
instances of the so-called P-function. These functions, originally due to
Riemann, have been extensively studjed by the Japanese mathematician
Fukuhara (also spelled Hukuhara). For the past year, Watanabe has implemented
a2 package that transforms a large class of equations into P-functions. He has
used Kamke's table as a test bed. Several examples from Kamke using this
package, are given in Appendix I.ﬁ\
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APEENDIX I
(D2) [DSK. SWATAN]
(C3) showtime:true$
Time= 5 msec.
(C4) loadfilel{pmain,fasl);
FMAIN FASL DSK SWATAN being loaded Kamke example 378a

Loading done
Time= 411 msec.
(D4) DONE

(C5) batch{exampl,2);

(C8) k378a:xe(x-1)e(x+1)~2e'diff(y.x,2)+2oxe(x+1)e(x-3)e diff(y, x)-2¢(x-1)ey=0;
Time= 57 msec.

2
24 Y dy
(D6) (X - 1) X (X +1) ---+2 (X-3) X (X+1)---2(X-1)Y =20
2 dx
dX
(C7) lode2(k378a);
dy
2 (2 X - 6) --
dy dX 2y
We S01Ve -~= 4 ~cccccencncn o creecemaea-a- = 0
2 2 3 2
dX X -1 X +2X +X

SOLVE FASL DSK MACSYM being loaded
Loading done

PREMAP FASL DSK SWATAN being loaded
Loading done

u
we use Y = ~------~
2
(X + 1)
du
2 -~ 2
2 u dX d U
the result i§ =--==== = =-=---- + --- =10
2 X -1 2
X - X dax
dy
2 2 --
ayv dax 2y
we solve --- - ----- $ e-e--- = 0
2 X -1 2 .
dax X - X SEPRRLTEORR or

A ya
T

PEQP1 FASL DSK SWATAN being loaded
Loading done

PHYPGM FASL DSK SWATAN being loaded s,
Loading done o ST e e




.O\',!,'

e (C3) showtime:true$
Time= 4 msec.

(C4) batch(exampl,7);

(C5) K344:X~4e'DIFF(Y, X, 2)+(EXP(2/X)-V~2)eY=0;

Time= 65 msec.

2
4dyY 2/X
(D5) X ---+ (%
2
dX
(C6) loadfile(pmain,fasl);
PMAIN FASL DSK SWATAN being loaded
Loading done
Time= 413 msec.
(D6) DONE
(C7) lode2(k344);
-2 2/X 2
dy (%E -VvV)Y
we so0lve --- + ---------o---- = 0
2 4
dax X
PIVIR FASL DSK SWATAN being loaded
Loading done
PTRINV FASL DSK SWATAN being loaded
‘ Loading done
AN 1
SN we use T = -
X
day
2 2 -~
dy a7 2T 2
the result is --- + ---- + (%E -v)Yy=2»0
2 T
a7
day
2 2 -- .
dy dax 2 X 2
- we solve --- + ---- + (%E ~=V)y=290
. :':n 2 x
AL ax

PIVIR2 FASL DSK SWATAN being loaded
Loading done

a s, o

D

PTREXP FASL DSK SWATAN being loaded
Loading done

.’Q. I.
Sy

h)

PDVTR FASL DSK SWATAN being loaded

...................

[DSK. SWATAN]

o Mt

Kamke exarmrle 344

-V)Y=0

P 1
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the type is hypergecmetric
the solution may be written by Riemann’s P-functions as follows

[0 1 INF ]
( )
y=P [0 0 -27(x)
[ )
[1 3 - 1]

PNOPM FASL DSK SWATAN being loaded
Loading done

we solve
[ 0 1 INF ]

[ ]
y=P[1 0 - 17 (x)
{ ]
[0 3 -2]

/ 2
[ (x-1)
y= (K& I ---===-~ dX + K1) X
] 2
/ X
continue? type y or n
y:

SIN FASL DSK MACSYM being loaded
Loading done

SININT FASL DSK MACSYM being loaded
Loading done

SCHATC FASL DSK MACSYM being loaded
Loading done
Time= 21253 msec.

2
(D7) - 2 K2 X LOG(X) + K2 X + K1 X - K2
Time= 23672 msec.
(D8) BATCH DONE

(C9) closefile(buffer,save);
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Loading done

SOLVE FASL DSK MA(CSYM being lszded
Loading done

U
we use Y = -

X

2
2 X 2 d v
the result is U (%E =V )+ ---=10
2
dX
2
ay 2 X 2
we solve --- + (%E -V)Y=20
2
dax
X
we use T = XE
dy
2 -- 2 2
dav a7 (Vv -T)Y
the result i ~-- ¢+ == = cocececce--- = ()
2 T 2
dT T
dy
2 -- 2 2
dy ax (X -Vv)Yy
we solve --- + -- 4+ ---cec---a- = 0
2 X 2
dX X

PCONFL FASL DSK SWATAN being loaded
Loading done
the equation is confluent type

PCNEQO FASL DSK SWATAN being loaded
Loading done

[ INF INF 0 ]
[ ]
[ ]
[-21 - -vV]
y=P [ ] (x)
( ]
( ]
[ xI - v ]
{ 2 ]

PCFPTM FASL DSK SWATAN being loaded

Loading done

y- Y (X)
B, ABS(V)

Time= 15604 mseoc.

(07)

8. ABS(V)

the solution may be representable by Fukuhara's P-function.

(X)

e



(b2) [DSK. SWATAN]

(C3) showtime:true$
Time= 5 msec.

(C4) batchiexampl,12); Kamke example 206

(C5) k40€:1€s(X*3-11~2« 'DIFF(Y X,2)+27eXeY=0;
Time= 41 msec,.
2
3 24Y
(D5) 16 (X - 1) =~--+27 XY =20
2
ax

(C6) k406t:48ex~2s(x-1)"2+"diff(y,x,2)+32exe(x-1)"2"diff(y,x)+Qexey=0;
Time= 50 msec.
2
2 2dY 2 dy
(D6) 48 (X - 1) X =--- +32 (X-1) X ~--+9XY-=0
2 dX
dax

(C7) loadfile(pmain,fasl);
PMAIN FASL DSK SWATAN being loaded

Loading done
Times 426 msec.

(D7) DONE
(C8) lode2(k406t);
dY
2 2 --
ay dXx 3Y
£ we S0lve --- + =r-= 4 cmccccemcenaceeeccan =
: 2 3 X 3 2
o dax 1€ X - 32X + 16 X
b

W

KE

.
LIPS RN PLIA

SOLVE FASL DSK MACSYM being loaded
Loading done

PHYPGM FASL DSK SWATAN being loaded
Loading done
the type is hypergeometric

v r
Al

the solution may be written by Riemann's P-functions as follows
ii [0 1 INF]
N [ ]
1
5 [ 1]
§§ (- - --1
S y=P { 4 3] (x)
3 ( ]
7 E 0 . 0 %
A -
P2 [ 4 )
I"
o

o

"R

(3
rd

PHGHP FASL DSK SWATAN being loaded
Loading done




ns PALGS FASL DSK SWATAN being loaded
- Loading done
_.{ we solve
- [0 1 INF ]
[ ]
. [ 1 1 1 ]
» Ve [ - - - --]
9 y= (X - 1) P 3 2 12 ] (x)
~
- ( ]
[ 1]
d (oo - ]
:; ( 4 1]
e PALG4 FASL DSK SWATAN being loaded
) Loading done
v. POH2S2 TAS. CSK SWATAN being loaded
- itoading done
2 1/4 2 174 1/4
- KI' T (2 SQRT(T + T + 1) + SQRT(3) (T + 1)) (X - 1)
| Al it bbbl bbbt i S Sttt de et
3 1712
(T -1)
174 2 1/4 1/4
K2 T (SQRT(3) (T + 1) - 2 SQRT(T + T + 1)) (X - 1)
L IR i I IR I I I R T I eI I e
3 1712
(T - 1)
_E where t=x~{1/3)
b Time= 13449 msec.
' 1/4 2 174 1/4
K1 T (2 SQRT(T + T + 1) + SQRT(3) (T + 1)) (X - 1)
L) B T
3 1/12
(T - 1)
1/4 2 1/4 1/4
- K2 1 (SQRT(3) (T + 1) - 2 SQRRT(T + T + 1)) (X - 1)
. T L T T e ek e
:j 3 1712
3 (T - 1)
Time= 15278 msec.
R (D9) BATCH DONE
3 (€C10) closefile(buffer,save):
7
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F (D2) [DSK, SWATAN]

[

i:;

?ﬁ (C3) showtime:trueld

~° 5 =

~ Time= § msec. Kamke example 150

(C4) batch(exampl,13);

(C5) K180:X~2¢ 'DIFF(Y X ,2)+3»X* 'DIFF(Y . X, 1}+(X~2+1-V~2)sY=F(X):
Time= 47 msec.
2
2dY ' day 2 2
(D5) X ===+ 3 X --+ (X -V +1)Y = F(X)
2 dX
dx

(C6) loadfile(pmain,fasl);
PMAIN FASL DSK SWATAN being loaded

Loading done
Time= 413 msec.

(D6) ' DONE
(C7) lode2(k180);
day
2 3 -- 2 2
4y dX (X -V +1)Y F(X)
we SO01ve --- 4 ---= 4 ~cccmccccnnccnr 3 --=-
2 X 2 2
dx X X
dy
2 3 -- 2 2
dy dx (X -v +1)Y
first we solve --- 4+ ---- 4 ~cccccccnmnanan =0
2 X 2
dax X

SOLVE FASL DSK MACSYM being loaded
Loading done

PCONFL FASL DSK SWATAN being loaded
Loading done
the equation is confluent type

PCNEQO FASL DSK SWATAN being loaded

Loading done '

the solution may be representable by Fukuhara's P-function.
[ INF  INF 0
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PCFPTM FASL DSK SWATAN being loaded

.............
e e




Loadirg done

Y {X)
B. ABS(V)
y: -------------
X
Y (x)
B. ABS{V)
the solutior of the homog. eq. is ---~-=-=---=---~-
X
PNONH FASL DSK SWATAN being loaded
Loading done
a special sol. for the nonhom. eq. is
X
/
[
I (%PI F(T) J (Ty v (X) - %P1 F(T) Y (T) J (X)) a7
] ABS(V) ABS (V) ABS(V) ABS(V)
/
0
2 X
continue? type y or n
n;
Time= 9943 msec.
X
/
!
I (%PI F(T) J (m vy (X) - %P1 F(T) Y (T) J (X)) d7
] ABS(V) ABS(V) ABS(V) ABS(V)
/
0
) A I bt E b b bRt
2 X
Y (X)
B. ABS(V)
4 T ecem———~
X
Time= 12131 msec.
{D8) BATCH DONE

(C9) closefile(buffer,save);







